The level of Kluane Lake in southwest Yukon Territory, Canada, has fluctuated tens of metres during the late Holocene. Contributions of sediment from different watersheds in the basin over the past 5000 years were inferred from the elemental geochemistry of Kluane Lake sediment cores. Elements associated with organic material and oxyhydroxides were used to reconstruct redox fluctuations in the hypolimnion of the lake. The data reveal complex relationships between climate and river discharge during the late Holocene. A period of influx of Duke River sediment coincides with a relatively warm climate around 1300 yr BP. Discharge of Slims River into Kluane Lake occurred when Kaskawulsh Glacier advanced to the present drainage divide separating flow to the Pacific Ocean via Kaskawulsh and Alsek rivers from flow to Bering Sea via tributaries of Yukon River. During periods when neither Duke nor Slims river discharged into Kluane Lake, the level of the lake was low and stable thermal stratification developed, with anoxic and eventually euxinic conditions in the hypolimnion.
Introduction
Kluane Lake is the largest lake in Yukon Territory, Canada, with an area of 409 km Plant macrofossils were radiocarbon dated by the AMS method at Beta Analytic and IsoTrace laboratories. All dates are reported as calibrated ages. Additional dating control is provided by the White River tephra, which is about 1150 years old (Clague et al. 1995) . The tephra, 14 C ages, and the tree-ring ages for the recent rise of Kluane Lake, rising above present level at 1650 AD, were used to estimate sedimentation rates and dates of major events recorded in the cores.
Data analysis
Principal component analysis, cluster analysis, discriminant analysis, Euclidean distance metrics, and sediment unmixing models were used to cluster sediment intervals and ascribe them to a particular sediment source. Principal component analysis was performed using singular value decomposition on the covariance matrix. The analysis was done on the residual stream sediment data to determine if individual streams had unique principal factors, and on core data to determine whether elemental associations in principal components are related to particular stream sources. The non-hierarchical Kmeans cluster method was used on the residual data to group sediment samples. Cluster centres were iteratively defined and calculated using the Euclidean distance metric. To assign each sediment interval to a dominant sediment source, we used both multi-group discriminant analysis and unweighted Euclidean distances, E:
where Si is the stream source concentration of element i, and Ci is the core interval concentration of element i. Finally, constrained least squares analysis was performed to determine the relative contribution of each stream to specific core intervals. Calculations are similar to those of Bryan et al. (1969) . Composite element concentrations were used to minimize the error of proportional stream contributions to each core sediment interval.
Constraints are such that each stream source proportion must be:
Results

Core descriptions
Core 36 was collected near the southeast end of Kluane Lake at a depth of 36 m ( Figure   2 ). The core is 240 cm long and comprises three units (Figure 3 ). Unit 1 (240-97 cm) consists of light grey silt (Munsell colours 5Y6/1 and 5Y5/1) with black laminae up to 1 mm thick. Black laminae are most common between 120 and 97 cm depth. Light grey laminae from 120 to 97 cm are coarser grained than those lower in the core. A piece of wood at 219 cm depth yielded a radiocarbon age of 3910 ± 80 14 C yr BP (4570-4090 cal yr BP; Table 2 .1). Unit 1 interfingers with unit 2 (96-65 cm), which consists of massive brown silt (7.5YR4/1 -7.5YR4/2) with several fine sand laminae. The White River tephra occurs at 88 cm depth. Unit 2 is abruptly overlain by unit 3, which consists mainly of (1996) noted that Mo does not seem to accumulate in modern marine environments that are suboxic or anoxic, but rather only in marine environments that are euxinic. Thus, molybdenum fixation probably occurs more rapidly at the sediment-water interface than at depth in the sediment. It is unlikely that Kluane Lake is productive enough to produce strong reducing conditions within sediments after burial.
Copper
Copper can be precipitated in anoxic or euxinic environments as an independent sulfide phase, in solid solution with iron sulfides, or as an organic complex (Morse and Luther 1999). Copper co-varies with sulfur from 130 to 97 cm (2200 to 1300 yr BP) in core 36, perhaps due to authigenic precipitation. The increase in Cu from 97 to 65 cm (1300 to 300 yr BP) in the same core probably records a change in sediment source.
Vanadium and uranium
Pyrophosphate-extractable V and U increase from 130 to 97 cm (2200 to 1300 yr BP) in core 36 (Figure 6 ). Pyrophosphate-extractable U also increases from 65 cm (300 yr BP)
to the top of the core. The latter increase may be the result of a change in sediment source because U also increases in the residual fraction. Citrate/dithionite-extractable V and U Zinc can complex with humic and fulvic acids in anoxic environments (Achterberg et al. 1997) . The brief increase in Zn pyrophosphate at 65 cm in core 36 may record in-wash of terrestrial organic matter as Kluane Lake rose during the Little Ice Age.
Calcium, Fe, and Ni also increase at this depth, possibly for the same reason.
Iron and manganese
Iron and Mn co-vary in core 36. The residual phases probably represent both detrital and authigenic minerals; both elements can form minerals through diagenetic precipitation. 
